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promising young scientists 
Through this program, now its nineteenth 
year, over 200 students have 
opportunity carry out original work under 
university direction thus adding their own, 
and Canada’s, store scientific know ledge. 


Grants endow chairs science and 
expand facilities further support the devel- 
opment inquiring minds. C-I-L’s own 
activities, dependent constant develop- 
ment and research, also provide scope and 
congenial atmosphere for many trained 
talents, working together the ever-new 
world chemistry. 
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observations made which are judged sufficiently 
important warrant expedited publication. usually 
calls for more expanded paper which the original 
matter republished with more details. 
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letter consists comments remarks submitted 


readers authors connection with previously pub- 
lished material. may deal with various forms dis- 
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report and correct inadvertent errors. 
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ITH this issue, page 89, The Canadian 

Journal Chemical Engineering introduces 
Industrial Section, devoted articles partic- 
ular interest the numerous practicing chemical 
engineers industry. 

achieve its purpose promoting the advance- 
ment Chemical Engineering, the Journal has 
chosen, from the beginning, publish papers 
variety subjects. These usually come under 
one the following three wide categories. 


Original Research 

Original and fundamental research, the starting 
point much the advancement chemical 
engineering, can made most effective and stimu- 
lating only through its diffusion Journals such 
this one. Every encouragement will continue 
given all worthy contributions the field, whether 
they promote interest directly indirectly. 


Review Papers 


Much can gained from carefully prepared 
review existing literature given subject, 
especially when critical nature and aimed 
evaluating the relative importance and worth the 
papers under consideration. Even the 
material limited scope, review can effec- 
tive when incorporated into comprehensive paper, 
long constitutes recognized contribution. 


Industrial Papers 

Papers which will henceforth presented this 
new section should represent wide variety 
topics. desirable, general, that they quan- 
titative rather than qualitative. They can par- 
ticular interest when they bring out some original 
features existing new plants processes. 
Special characteristics involving Canadian condi- 
tions the description Canadian developments 
could well the object number stimulating 
papers. 

Without limiting the scope topics, the subject 
matter may expected deal with such wide- 
spread subjects recent developments 


Editorial 


operations, flow sheets, applied chemistry, waste 
treatment and pollution problems, equipment ex- 
periences, instrumentation, economics, operations 
research, etc. 


The underlying factor such papers which 
should also constitute the main criterion for their 
suitability—should the interest given paper 
likely arouse number chemical engineers, 
especially those industrial practice. 

Although the Journal has carried, the past, 
number papers interest industrial people, this 
number has been somewhat below expectation. The 
purpose devoting special section industrial 
papers bring more attention them and there- 
foster greater interest and more contributions. 

order expand this new Industrial Section 
into successful and interesting which 
many readers will look forward every issue— 
the goodwill and benevolent co-operation num- 
ber readers the Journal are required. Indeed, 
the articles that many would like read have 
come largely from some the readers them- 
selves. 

great wealth potentially good material for 
publication available many our readers who 
would, one might think, glad become authors 
only they were encouraged so. sur- 
prising how the slightest encouragement, coming 
from higher up, can have the effect energy 
activation and initiate fruitful reactions. The end 
results may far beyond what might appear 
the mere write-up something familiar the writer 
and his close associates for the benefit others. 
Side reactions are often present which turn out 
far more rewarding everyone than the effort, 
however important, originally put into the prepara- 
tion paper. 

Even though the available subject matter may 
often insufficent warrant full papers, this 
should deterrent the publication the 
Journal now accepts Notes and Communications 
the Editor. The terms references these sections 
are outlined the Instructions Authors. 
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Effect Natural Convection 


Transition Turbulence Vertical 


GEORGE EDWARD and THOMAS HANRATTY? 


The effect natural convection transition 
disturbed flow heat transfer section 
vertical pipe has been investigated. The transition 
related the distortions the velocity profile 
natural convection. When natural convec- 
tion the direction forced flow the transition 
appears occur through the growth small dis- 
turbances. Transition occurs suddenly when natural 
convection opposite the direction forced flow 
and appears associated with separation 
the flow the wall. 


fluid flowing laminarly through pipe enters section 
which being heated cooled the velocity distribution will 
change from parabola result the variation the viscosity 
and the density with temperature over the cross section the 
pipe. the distortions the velocity profile are large enough 
transition eddying flow can occur. The types dis- 
tortions which can obtained have been discussed the 
transition eddying flow has been 
detected from wall temperature and from flow 
patterns dye that has been injected into the 


The work described this paper has been done gain some 
insight into the mechanism this transition disturbed flow 
and relate the stability the flow the magnitude the 
distortion the velocity profile. The study has been limited 
flows vertical pipes circular cross section which the flow 
field being affected density variation but not significantly 
viscosity variation. 

Two types heat transfer experiments have been conducted, 
one using constant heat flux the wall and the other using 
constant temperature wall. For the case constant heat 
flux the wall, the changes temperature are affecting only 
the density appearing the gravity term condition attained 
far downstream the heat transfer section such that there 
further change the velocity profile and such that the tempera- 
ture and pressure are varying linearly with distance downstream. 
The maximum distortion the velocity profile for completely 
laminar flow occurs this region fully developed flow. For 
flow through pipe with constant wall temperature heat trans- 
fer section, the fluid enters uniform temperature; the heat 
transfer section long enough the fluid leaves uniform 
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temperature equal the wall temperature. The maximum 
distortion the velocity profile occurs some intermediate 
position the heat transfer section. 


exact solution the Navier-Stokes equations, the con- 
tinuity equation, and the heat balance equation for the fully 
developed flow field attained under constant heat flux conditions 
has been presented Hallman® and Hanratty, Rosen and 
approximate solution for the velocity field for heat 
transfer with constant temperature wall has been obtained 
These solutions enable one compare the stability 
flow field with the maximum distortion the velocity 
profile. 


The flow stability was examined injecting filament 


dye into flowing water stream. The experimental conditions 
were such that the ratio the fluid viscosity the wall and 
the pipe center did not exceed about 1.2 and did not under 
about 0.8. For these conditions the velocity field obtained for 
heating upflow would the same for cooling downflow. 
These flows are characterized the fact that natural convection 
the direction forced flow. Cooling upflow heating 
downflow involve situations which natural convection 
opposite the direction forced flow. Constant heat flux experi- 
ments were conducted pipe wrapped with electrical 
heating element under upflow and downflow conditions. Constant 
temperature wall studies were conducted under upflow condi- 
tions glass tube possessing concentric jacket through 
which the heating the cooling fluid was circulated high 
rate. 


Fully Developed Velocity Profiles for Constant Flux 
Heat Transfer 


For the constant flux heat transfer experiments reported 
this paper the fully developed laminar flow velocity profiles are 
unique functions Gr/Re,. Several these profiles, shown 
Figures and have been calculated from the equations pres- 
ented Hanratty, Rosen and Figure shows velocity 
fields for cases which the natural convection the direc- 
tion flow. For given flow rate the Gr/Re, increases with 
the rate heat transfer. With increasing Gr/Re, the velocity 
profiles flatten out until Gr/Re, 22.0. larger Gr/Re, the 
profiles have dimple their center and the location the 
maximum velocity moves toward the pipe wall. The profile 
attained Gr/Re, 22.0 will referred the flat profile 
this paper. For Gr/Re, 121.6 there reversal flow 
the center the pipe. Figure shows velocity profiles for the 
cases which natural convection opposite the direction 
flow. these cases the velocities near the wall are decreased 
with respect the isothermal flow field while the velocities 


My 
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Figure 1—Velocity profiles for heating upflow-constant 
wall heat flux. 


the center the pipe are increased. For Gr/Re, 49.2 the 
velocity gradient the wall zero and further increase 
causes reversed flow near the wall. 


Velocity Profiles for Heat Transfer with Constant 
Temperature Wall 


Velocity profiles for heat transfer with constant tempera- 
ture wall have been calculated using approximate 
numerical method. The differential equations describing the 
velocity profile and the temperature profile were simplified 
making use the boundary layer assumptions. Equations were 
assumed represent the and temperature profiles 
which there were number coefficients which were functions 
the distance downstream. For example, the velocity profile 
was represented the equation 

ky + ky + k; 


The variation the coefficients, was defined means 
integral relationships such mass balance and mechanical 
energy balance, boundary conditions, such the velocity 
being zero the wall, and conditions derived from the differ- 
ential equations, such the equation motion the center 
the pipe. Both the density and the viscosity were allowed 
vary and account was taken the finite resistance the wall 
heat transfer such that the temperature the inside wall was 
varying although the temperature the outside wall was kept 
constant. The velocity field found function the 
Graetz number, Gz, the ratio the Grashof and Reynolds 
numbers, the number, Pr, parameter related 
the ratio the viscosity the wall the viscosity the 
entrance, and wall resistance parameter, This solution has 
been used calculate the changes the velocity. For the 
experiments described the paper the values and were 
approximately constant and the effect was small enough 
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Figure 2—Velocity profiles for heating downflow with 
constant wall heat flux. 
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Figure 3—Minimum and maximum center-line velocity for 
constant temperature heating and cooling 


that could represented average value. Figure 
the calculated minimum maximum centerline velocity plot- 
ted function Gr,/Re, for heating and cooling upflow 
for conditions corresponding the experiments. For heating 
upflow flat profile corresponding the profile Gr/Re, 
22.0 for the fully developed constant heat flux condition occurs 
for 1.5 for the approximate velocity profile which 
has been used. For cooling the condition zero velocity grad- 
ient the wall occurs for 3.0 for the approximate 
profile used. The calculated locations the flat velocity profile 
and the minimum velocity profile are plotted Figure 
function Gr,/Re, for heating upflow. Figure the 
calculated location the zero velocity the wall 
comparison calculated velocities and locations for 
resistance, and constant viscosity, are presented 
between the two sets curves due changes both the wall 
resistance parameter, and the viscosity ratio parameter, 
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Figure 4—Location flat and minimum velocity profiles 
for constant temperature heating upflow. 


Equipment Design 

Transition unstable flow was detected observing 
the breakup thin stream dye injected into the center 
the tube upstream the heat transfer section. Additional 
observations were made flooding the flow field with dye and 
then purging this dye. 

For constant heat flux experiments the heat transfer section 
was in. vertical length in. I.D. brass tube (L/D 
tube was rapped with layer thermosetting 
electrical tape insulate from the heating element 
which was Chromel-A heating wire in. 0.004 in. wrapped 
uniformly about the tube. Current supplied the heating 
element from 115 volt line, and the input the heater 
was measured with calibrated wattmeter. 

Surrounding the heat transfer section was vacuum jacket 
constructed in. Plexiglas tubing fitted concentrically 
the brass tube reduce convection heat losses. pressure 
mm. lower was used the jacket. layer 
aluminum foil was placed over the inside surface the jacket 
reduce radiation heat losses. 

Calming sections in. Plexiglas tubing in. 
length (L, 115) were both ends the heat trans- 
fer section dampen out disturbances the flow caused 
the entry that the flow would achieve fully-developed 
parabolic velocity profile before entering the heat transfer sec- 
tion. Plexiglas was used that the motion the dye leaving 
the heat transfer section could observed visually. 

Room temperature water was supplied from gallon 
constant head tank either the top the bottom the appara- 
tus depending whether downflow upflow experiments were 
run. Approximate flow rates were set with rotameter, 
but the actual flow rates were determined collecting and 
weighing the water. 

Methylene blue dye was injected into the system through 
No. hypodermic needle attached the end in. O.D. 
brass tube that was centered triangular spacers 15, and 
in. from the probe tip. The probe tip was located in. 
upstream from the entry the heat transfer section. Reynolds 
numbers 450 (based radius) could obtained before 
disturbances due the probe affected the dye stream. 

For constant temperature experiments the test section was 
306 cm. vertical length brand chemical glass with 
2.19 cm. and O.D. 2.50 cm. Surrounding the glass tube 
was 3.80 cm. plastic jacket divided into upper and 
lower section. For heating upflow room temperature water 
passed through the inner tube and the lower jacket while hot 
water was pumped through the upper jacket high rate. For 
cooling upflow hot water passed through the inner tube and 
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was detected. 
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Figure 5—Location zero velocity gradient wall for 
constant temperature cooling upflow. 


200 250 300 


the lower jacket while room temperature water was pumped 
high rate through the upper jacket. The lower constant 
temperature section, which served calming section that 
parabolic profile would develop, was 123.2 cm. long (L/D 
56.3) and the heat transfer section was 182.5 cm. long (L/D 
83.3). 

Water was supplied the test section from constant head 
tank. Approximate flow rates were set with rotameter, but 
determine the actual flow rate the water was weighed. 
Methylene blue dye was introduced through in. I.D. brass 
tube fitted with No. hypodermic needle its tip. The tip 
was cm. upstream from start the heat transfer section 
and the spacers used locate the injector the tube center 
were cm. and cm. from the tip. 

Thermocouples for measuring temperature were located 
the inlet and outlet the test sections and the inlet and outlet 
each jacket. 


Procedure 

During experimental run the flow rate was the variable 
adjusted until the transition point was obtained. Transition was 
defined that condition when the dye filament first deviated 
from its streamline motion and became slightly sinuous burst 
into turbulence. 

the constant flux case the motion the dye stream could 
observed only the outlet from the heated section and, 
therefore, fixed L/D 114.3. For constant temperature 
heating cooling the flow field could viewed over the entire 
length the heat transfer section except for the last cm. 
where the overflow system obscured observations. This gave 
effective visible length 170 cm. (L/D 77.6). 

Values Re, less than could not studied because the 
low water flow rate caused the dye filament become too 
diffuse downstream. Values Re, greater than 350 were not 
studied because the possible effect disturbances due the 
dye injector the dye stream these relatively large flow 
rates. However, experiments which dye was purged from the 
field could carried out larger flow rates. 

was not possible determine the transition point exactly 
for given Grashof number because the difficulty visually 
detecting the first slight disturbance the dye filament. Since 
the flow became unstable the flow rate was decreased, the 
transition Reynolds number was calculated from the arithmetic 
average the lowest flow rate for which disturbance the 
dye filament was observed and the highest flow rate for which 
similar averaging process was 
used determine the asymmetry point for experiments with 
constant temperature all. This erage flow rate was within 
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Figure 7—Transition for constant flux heating. 


the two flow rates from which was calculated for 
constant flux heat transfer and within for heat transfer runs 
using constant temperature wall. 


was necessary correct for heat losses the constant 
heat flux experiments order calculate the heat input the 
water from measurement the electrical energy produced 
the heating element. Radial heat losses were determined 
isolating heat transfer section from the rest the system, 
filling with water, applying constant heat input the heater, 
and measuring the energy dissipation function 
the difference between the steady-state average water tempera- 
ture and the atmospheric temperature. 


Some bulk temperature measurements were made the 
entrance and exit from the heat transfer section, and the heat 
input obtained from these measurements was compared with 
the wattage corrected radial heat loss data. There was 
average deviation 1.3% the determination heat input. 
The close agreement the two methods justified the use 
radial heat losses calculate the heat input the water. 
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For the constant temperature wall case all fluid properties 
were evaluated the inlet temperature. Fluid properties for 
the constant heat flux case were also evaluated inlet condi- 
tions because the location the onset turbulence could not 
determined the experiments and because the bulk temp- 
erature rise the heat transfer section was less than all 
runs. calculating Hallman’s data for comparison purposes fluid 
properties were also evaluated the inlet temperature, although 
Hallman used arithmetic average the bulk temperature and 
the wall temperature the transition point presenting his data, 


For constant heat flux experiments heat input and flow rate 
were the two variables examined. The data for this case are 
presented terms Grashof number, Gr,, based heat 
input the water and Reynolds number,Re,, based radius, 
This modified Grashof number defined the product the 
Grashof number, Gr, based the difference between the wall 
fluid temperatures and the modified Nusselt 
group used Hanratty, Rosen and has the following 
dimensionless form 


Gre = 


data are also presented terms Gr. The temperature 
differences used these values were computed from 
experimental values heat input using the 
group plots Hanratty, Rosen and Kabel which relate heat 
flux temperature difference for fully-developed flow 
conditions. For constant wall temperature experiments the data 
are presented terms Grashof number, based the 
temperature difference between the heating cooling jacket 
water and the inlet water and Reynolds number, Re,. 


Results with Constant Flux Heat Transfer 


When the flow was isothermal the dye emerged from the 
heat transfer section filament the center the pipe. For 
constant flux heating upflow (natural convection the direc- 
tion flow) the first instability was noted sinuous motion 
the emerging dye filament. Further decrease the Reynolds 
number, keeping the Grashof number constant, caused 
crease the amplitude the disturbances and eventually 
breakup the dye filament. 


Figure the Grashof number Gr, required for transition 
plotted function Re,. Included the graph are exper- 
imental data Hallman® obtained L/D 113.6, 111.9, 
and 78.9 for comparison with present experimental data L/D 

114.3. The scatter Hallman’s data plotted Figure 
may due viscosity effect caused the large temperature 
differences his experiments. Fully developed laminar flow 
velocity profiles are unique functions Gr/Re, only the 
variation viscosity with temperature neglected. The agree- 
ment with present data the same L/D value can seen 
the graph. Hallman’s data indicate effect L/D transi- 
tion can seen comparing the curve L/D 78.5 
with the one L/D 114.3. The longer pipe requires 
smaller input heat cause transition for given flow rate. 
Figure the Grashof number Gr, based the difference 
between the wall and center-line fluid temperatures, plotted 
function Re, transition. The critical value 
increases from Re, increases from 290. For 
comparison straight line representing Gr/Re, 22.0, the 
value which the velocity profile becomes flat, also shown 
Figure 

For constant flux heating downflow (natural convection 
opposite the direction flow) the first instability consisted 
slight asymmetry the dye filament emerging from the heat 
transfer section. This was followed intermittent bursts into 
highly disturbed flow. Further decrease the flow rate, 
keeping the heat flux constant, increased the frequency appear- 
ance these bursts. 


Figure plot Gr, versus Re, for the first appearance 
these bursts and Figure plot the Grashof number, 
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Figure 8—Downflow transition L/D 114.3 for con- 
stant flux heating. 
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Figure 10—Transition for upflow heating-constant wall 
temperature case. 


Gr, based the difference between the wall and center-line 
fluid temperatures, versus Re,. The critical value Gr/Re, 
and constant over the range Re, studied. 
data for Figures and are presented 


Results for Heat Transfer with Constant 
Temperature Wall 


For constant temperature wall experiments was possible 
observe the entire heat transfer section rather than just the out- 
let constant heat flux experiments. the case 
constant flux heat transfer the first instability for constant 
temperature wall when the natural convection was the direc- 
tion flow was sinuous motion the dye filament. This 
instability was located just the outlet the heat transfer 
section indicating that the data were influenced the L/D 
ratio. decrease the flow rate, keeping the temperature 
difference constant, caused the point which sinuous motion 
was first observed move upstream. The amplitude the 
sinuous motion increased with downstream distance. low 
enough flow rates the amplitude the sinuous motion became 
large that the dye filament broke and appeared 
completely mixed with the water. Sketches the flow patterns 
observed with the dye filament are shown Figure 

Figure the Grashof number Gr,, based the difference 
between the jacket and inlet water temperatures, plotted 
function Re, transition for heating upflow with con- 
stant temperature wall. one point L/D 41.1 
compare with the transition data for L/D 77.6. effect 
L/D similar that observed for constant flux heat transfer 
was observed. line representing 23.0, 
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Figure 9—Transition process for heating upflow viewed 
fixed L/D for constant Grashof number. 
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Figure process for cooling upflow 
constant Grashof number; dye filament behavior. 


the value which flat velocity profile first obtained, also 
shown. The location the instability point compared with 
the calculated locations the flat velocity profile and the min- 
imum velocity profile Table The the initial 
instability was always observed downstream the location 
the flat profile. 

For heat transfer with constant temperature wall which 
natural convection opposed the flow the first flow instability 
noted was shift the dye stream from the center the pipe. 
Far enough downstream the dye stream returned the pipe 
center. the flow rate was decreased, keeping the temperature 
difference constant, the asymmetry the dye stream increased. 
Eventually breakup the dye filament was noted. The break- 
point with time and with position apparently 
random fashion. the interval between breakups the dye stream 
was undisturbed. low Re, there was range flow rates 
between the initial appearance the asymmetry and the first 
breakup the dye filament. higher Re, breakup occurred 
soon the flow field became slightly asymmetric. Sketches 
the observed transition process are shown Figure 
Additional information the asymmetries was 
flooding the flow field with dye and then purging the dye from 
the field. given temperature difference and large flow 
rate the dye flooded the entire field, and purging cleared the 
dye from the heat transfer section. lower Reynolds numbers 
portion the flow field near the wall one side the pipe 
the heat transfer section remained clear when the pipe was 
flooded with dye. When the dye was purged the 
clear region remained colored long after the rest the flow 
field became clear. Within this region was observed that 


TABLE 
CONSTANT TEMPERATURE HEATING UPFLOW: 
COMPARISON LOCATION INSTABILITY 
WITH VELOCITY PROFILE DISTORTIONS 


Calculated 
Location 
Minimum 
Center Velocity 


Calculated 
Location 
Flat Profile 


Experimental 
Run Location 
Instability 


26. 


10. 


ANAND 


wre 
nN 


there was downflow. further decrease flow rate caused 
wider region. downflow one side the pipe which 
became unstable downstream. The circumferential position 
this asymmetric region reverse flow varied from run run 
apparently random fashion. The point the pipe which 
asymmetry was first observed moved downstream the flow 
rate which asymmetry first appeared increased, can 
seen Table Sketches the patterns observed these 
purging experiments are shown Figure 12. 


Curves representing the conditions which asymmetry was 
first observed and the conditions which instability the dye 
filament first occurred are plotted Figure 13. The conditions 
under which the became asymmetric were determined both 
observing the motion dye stream and flooding the 
field with dye, and these two methods gave the same result. 
Asymmetric flow first occurs for Gr,/Re, and this value 
constant over the range Re, studied. The conditions under 
which transition eddyi ing flow occured could not deter- 
mined satisfactorily using the flooding technique, and these 
instability data were obtained only from observations the 
motion dye filament. The value Gr,/Re, for transition 
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Figure 12—Transition process for cooling 
constant Grashof number; purged dye field behavior. 


TABLE 
CONSTANT TEMPERATURE COOLING UPFLOW: 
COMPARISON LOCATION INSTABILITY 
AND ASYMMETRY WITH VELOCITY PROFILE DISTORTION 


13.8, 


Calculated 

Experimental Location 

Location Zero Velocity 
Asymmetry Gradient 


the Wall 


(Z/D) 


30.0 28. 
24. 
entry 


—0.10 


Experimental 
Location 
Instability 


Run Re, 


Dut OO O10 


OAC 


eddying flow varies from 141 Re, increases from 
250. The determination the asymmetry point could 
made higher Reynolds numbers than the other transitions 
studied since the purging did not introduce disturbances 
the flow did the probes used introduce the dye filament. 
Table the locations the instability and asymmetry points 
are compared with the calculated position the pipe which 
the velocity gradient the wall zero. Asymmetry generally 
occurred upstream the location which the wall velocity 
gradient zero, but instability occurred downstream this 
location. Since the theory least satisfactory the region 
close the entry, may that asymmetry alway 
downstream the point which the wall velocity gradient 
actually becomes zero. should pointed out the 
calculations were made for symmetric flow field while the 
experimental flow fields were asymmetric. 


DISCUSSION 


Natural Convection the Direction Flow 


For heat transfer which natural convection the direc- 
tion flow, the experiments reported this paper show that 
the velocity profile must distorted least condition 
flatness order for transition sinuous flow occur. This 
supported the data Figure which indicate transition 
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Figure 13—Transition for wall 


temperature 
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22.0 and the data Figure which 


all cases for Gr/Re, 
indicate Gr,/Re, 23.0. Likewise Table 
shown that for constant temperature wall runs the initial 
occurred downstream the location the pipe 
which the velocity profile became flat. 


The mechanism transition eddying flow these 
cases consists the appearance regular oscillations which 
grow and amplitude until the waves become distorted 
and break into fluctuations characteristic turbulent flow. This 
mechanism similar that observed Schubauer and 
Skramstad for boundary layer transition air flowing over 
flat 

Direct experimental observation and the fact that the sinuous 
disturbances first appeared the outlet the heat transfer 
section indicate that the L/D ratio affecting transition. This 
effect can result from the use length pipe insufficient for 
infinitesimal disturbances the fluid grow into disturbances 
that can seen. the constant heat flux experiments can 
also result from the use insufficient length pipe obtain 
fully developed flow. Experimental correlations developed 
and theoretical results presented Sellars, Tribus, 
and indicate that all the experiments reported this 
paper the temperature profile the exit the heat transfer 
section was least 95% fully developed. the constant tem- 
wall case the possibility L/D effect would 
excluded the pipe were long enough for the flow iso- 
thermal the outlet the heat transfer section. This was not 
for the transition data reported. all cases the velocity 
profile the outlet the heat transfer section was still quite 
distorted from the parabolic flow obtained under isothermal 
conditions. 


Natural Convection Opposite the Direction Flow 


all experiments which natural convection opposite 
the direction flow, transition eddying flow associated 
with separation the flow the wall. For constant tempera- 
ture cooling upflow asymmetric region reverse flow 
occurred for Gr,/Re, 74, while theory predicts that reverse 
flow will occur for all Gr,/Re, greater than 41.5. This asym- 
metry does not appear due asymmetry the experi- 
mental since the same apparatus was used for constant 
temperature heating upflow runs where asymmetry was 
detected. Figure can seen that while high Reynolds 
numbers even slightly asymmetric flow fields are unstable, 
lower Reynolds numbers stable asymmetric flows exist. For 
constant flux heating downflow breakup the flow occurred 
for Gr/Re, 63, while theory predicts that reverse flow will 
occur for all Gr/Re, greater than 49.2 

These data and visual observations indicate that the mech- 
anism breakup follows: symmetrical downward flow 
the wall becomes unstable and condition 
develops which there downward flow the wall one 
side the heat transfer section. With increasing Gr,/Re, the 
region downward flow increases size until transition 
eddying flow occurs. This occurrence asymmetric flow 
field agreement with observations Hallman® who found 
that his constant heat flux downflow runs were characterized 
asymmetry wall temperature which became more severe 
the heating rate increased. 

The transition eddying flow did not occur through 
gradual growth small disturbances but means process 
which occurred suddenly. ‘The transition appeared similar 
that described for separated boundary layer flows along flat 
effect L/D the transition data was 
apparent could explained the fact that the transition oc- 
curred more suddenly than for heat transfer which natural 
convection was the direction the flow. 
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Nomenclature 


inside radius the pipe, ft. 
heat capacity constant pressure, (°F) 
outside radius the pipe, ft. 

inside diameter the pipe, ft. 


acceleration gravity equal 4.17 108 ft./hr.? 
number based the difference between the 


center line temperature and the wall temperature, 


Gr, Grashof number based the heat flux, 
Gr, number based the difference between the 
entrance and the jacket temperature, 
k,k, thermal conductivity the fluid and wall respectively, 
B.t.u./ (hr.) (ft.) (°F.) 

coefficients the velocity profile series 

total length heat transfer section, ft. 

Prandtl number, C,u/k 
heat flow the wall, B.t.u./(hr.) (ft.?) 

radial position, ft. 

Re, Reynoids number based the radius, 

temperature the center the pipe, °F. 

temperature the entrance the pipe, °F. 

temperature the fluid the jacket for constant temp- 


erature wall experiments; temperature the inside wall 
the pipe for constant heat flux experiments, °F. 

local velocity, ft./hr. 

average velocity, ft./hr. 

velocity the center the pipe, ft./hr. 

distance measured downstream from the start the heat 

transfer section, ft. 

wall resistance parameter k,/k (d/a) 

related toratio viscosity wall viscosity entrance, 


subscript for fluid properties evaluated entrance condi 
tions 
References 


(1) Apostolakis, N., M.S. Thesis Chemical Engineering, 
University Urbana (1957). 

(2) Hallman, M., Trans. A.S.M.E., 78, 1831 (1956); Ph.D. 
Thesis Mechanical Engineering, Purdue University, 
Lafayette (1958). 

(3) Hanratty, Rosen, M., and Kabel, L., Ind. 
Eng. Chem., 50, 815 (1958). 

(4) Pigford, L., Chem. Eng. Prog. Symposium Series, No. 
17, Vol. 51; ALC Annual Meeting, St. Louis (1953). 

(5) Rosen, Ph.D. Thesis Chemical Engineering, 
University Illinois, Urbana (1959). 

(6) Guerrieri, Hanna, J., “Local Heat Flux 
Vertical Duct with Free Convection Opposition 
Forced Flow”, ONR Final Contract N-ONR-622 
(November, 1952). 

(7) Scheele, F., M.S. Thesis Chemical 
University Urbana (1959). 

(8) Schubauer, and Skramstad, NACA 
909 (1948). 

(9) Sellars, R., Tribus, M., and Klein, 
78, 441 (1956). 

(10) Lochtenberg, H., “Transition Separated Laminar 
Boundary Layer”, Aeronautical Research Council, 19,007 
2495, Great Britain (January, 1957) 

(11) Maekawa, and Atsumi, NACA Tech. Mem. 1352 


= 


Critical Velocity 


Expression critical based thermo- 
dynamic consideration was obtained and given 
the following equation: 


din 
| in 7] In T, 
1 


the ratio between the critical velocity and that 
corresponding ideal gas given 


Numerical values and were computed and 
presented the generalized plot basis. Together 
with the value heat this method enables 
the rapid critical velocity real gas 
when the deviation from ideal gas behavior sig- 
nificant. 


the study compressible fluid flow, the ideal gas behavior 
often assumed. This assumption has been quite satisfactory 
for low pressures. But the deviation from ideal behavior 
becomes pronounced with the increase pressure, the validity 
ideal behavior longer exists. This true the case 
critical velocity demonstrated earlier experimental 
Several suggesuons have been proposed remedy this situa- 
tion. One the common approaches, for the 
study isentropic flow steam, involves the use enthalpy- 
entropy diagram. method quite tedious and moreover, 
with the exception very few common this type 
thermodynamic information not available. Some 
work along this line has been reported literature. Tsien® 
studied one-dimensional flow problem gases characterized 
van der Waals’ yation and gave both analy tical expressions 
and numerical results. later work treated the case 
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with the equation state given the Beattie-Bridgeman equa- 
tion. Tsien’s results are very elegant and fairly simple use 
but unfortunately the van der Waals’ equation does not truly 
describe the behavior real gas especially the neighbourhood 
critical region. The Beattie- the 
other hand, giv very good agreement with the actual gas 
behavior but since the original equation consists many 
terms, the resulting expression becomes too involved for rapid 
calculation. 

The purpose this work present general method 
which enables the calculation critical velocity any real gas 
with ease and accuracy. This made possible through the 
advances the field generalized thermodynamic properties 
accomplished recent years. 


Theoretical Consideration 


The critical velocity, sound velocity, through fluid 
given the following expression: 


Since the density the reciprocal specific volume, 
(1) can rewritten 


From the thermodynamic consideration, can shown that 


Using the general expression, ZRT, equation 


state, the two partial derivatives the right side Equation (3) 
can expressed 


OT J p p oT 
and 

(5) 


Consider function temperature and pressure, the 


7 v 
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Equation (6) into Equation (5) and after rear- 


have: 


P 


Another thermodynamic relationship between heat capacities 
constant pressure and constant volume is: 


Rearranging Equation (8), obtain the expression for the 
ratio these two heat capacities: 


Substituting Equation (9) into Equation (3) have: 

(10) 


further substitution (4) and (7) into Equation 
(10), the following expression results: 


(11) 
The expression for critical velocity becomes 
Ov 
ZRT, (12) 


12) reduces the familiar form as: 


where 


Sometimes, more convenient express quantity 
terms the ratio this quantity that ideal model. 
For critical velocity real gas, this can done comparing 
the actual value with that ideal gas with the same critical 
properties. This gives, 


where 
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Equation (14) can compared with two similar expressions 
for gases characterized van der Waals’ equation and 
equation, respectively. They are: 


for van der Waals’ gas 


for gas obeying Beattie-Bridgeman equation. 


Proposed Method Calculation 


obvious that generalized correlation based the law 
corresponding state can obtained from Equation (12) 
plotting against reduced pressure using reduced tempera- 
ture parameter for any specified value The major 
disadvantage this approach that large number computa- 
tions have undertaken order make this work gener- 
alized the true sense since the heat capacity varies from for 
monatomic gas approximately for polyatomic gas like 
the other hand, the expression given Equation 
(14) contains four terms: C,, and While and 
are dependent the molecular structure, and are functions 
reduced tempreature and pressure. For this reason, only 
numerical values and are presented generalized charts. 


The compressibility information 0.27 reported 
serves the basis for calculation work. 
The partial derivatives with respect and 
and first obtained Slattery and Bird used their self- 
diffusion correlation transformed into 


and and consequently used the computation 


and 

values and are presented graphically 
parameter. The pressure ranges from 0.3 10.0 and 
curves possess peak value, its magnitude decreasing and loca- 
tion shifting the right with the increase 7). 

The procedure for predicting the critical velocity then be- 
comes fairly simple With the critical 
properties the gas known, values and can read 
from the charts Values and can obtained 
from direct experimental measurements case its 
absence, can predicted from spectroscopic data the empir- 
ical group contribution methods suggested Andersen, Beyer 
and Watson. The estimation poses certain problems due 


Figures 


the work Lyderson the numerical value was 
respect process which may introduce large error. 


therefore, suggested that the direct experimental value 
should used whenever available. With all these quantities 
known, values and can obtained from Equations 
(14) and (12) and turn calculate the value 


Comparisons 


order test the accuracy and this work, 


critical velocities carbon dioxide and ethylene near the 
temperature the neighbourhood the critical pressure 


predicted this method are compared with the 
are shown Figures 


and 
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For carbon dioxide, the conditions were: 38°C. and 
0.82. The agreement between the predicted and exper- 
imental values appear fairly good. 

the case ethylene, quite different situation 
The conditions are 9.7°C and pressure atm. 
gives 1.00 and The predicted values are 
consistently lower than the experimental values with maximum 
deviation 54%. However, should mentioned that all the 
pertinent quantities present Equation (14) approach asymp- 


topically infinite 1.0 and, furthermore, the data 
near the critical point becomes unreliable. 


factor might blamed, least partly, for the very large 
deviation. 
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Nomenclature 
Heat capacity constant pressure ideal state 
Heat capacity constant pressure 
Heat capacity constant volume ideal state 
Pressure 
Gas law constant 
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Figure Comparisons between the predicted and ex- 
perimental value sound velocity carbon dioxide 


Compressibility factor 
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Salt Effect Vapor-Liquid Equilibrium, 
Part 


JOHNSON? 


Previous work the field salt effect vapor- 
liquid equilibrium and the theory involved are re- 
viewed briefly. Vapor-liquid equilibrium data 
pressure are reported for the systems 
methanol-water, ethanol-water, and n-propanol-water, 
each saturated with variety common inorganic 
salts. simple equation proposed for the repre- 
sentation salt effect. attempt made ascertain 
the theoretical significance this equation, and 
doing, relate salt effect vapor-liquid equili- 
brium the properties the system components. 


Previous Salt Effect Studies Vapor-liquid 
Equilibrium 


curves were undertaken Samaddar 
and Nandi and Craven™, Guyer, 
Googin and and Johnson, Furter, and 

Other investigators distilled binary first alone, 
and then the presence salts, measuring the distillation 
rate degree the overhead product. 


References salt effect are found work Mariller and 

Sull other investigators drew conclusions from vapor pres- 
sure measurements that are related the subject, those being 
1897, stated that the addition 
dissolved salt more soluble water than ethanol 
would result the depression the partial 
pressure the water and the elevation that the alcohol. 
The magnitude salt effect would depend the difference 
the the salt pure water and pure alcohol. 
observed that the pressure ethanol-water mixture 
constant temperature was increased the addition potas- 
chloride. Muller concluded that the total vapor 
pressure binary system was raised lowered 
addition depended whether the pressure 

lowered more Jess than that the other 
was raised, this turn depending the properties the 
components 


One 
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and 


Industrial applications salt effect vapor-liquid equilib- 
were reported Bogart and 
Morrell and and 

Some the best previous work the field was carried 
out Reider and Tursi and 
and However, only the latter two 
were even empirical correlations attempted. 
These are reviewed 

general, the previous work the field salt effect 
vapor-liquid equilibrium has been rather uncertain nature and 
tending lack fundamental approach. Doubts have been 
voiced over the validity many the data. Little but qual- 
observations confirming the early work Miller have 
been drawn. 


Previous Salt Effect Studies Liquid-liquid 
Equilibrium 


“Salting used generally denote decrease the 
solubility the the solution, or, more rigor- 
ously, increase its activity caused the 
addition. refers the opposite case. 


The complete literature salting and out liquid 
solutions has been reviewed comprehensively Long and 
They indicate that the standard method cor- 
relating salt effect represent the logarithm the activity 
concentrations all solute species (salt 
constant temperature and pressure, assuming the solvent 
structureless continuum and all deviations from 
ideality being due interaction alone. Only the 
linear terms are retained, assuming moderate solute concentra- 
The result the limiting relation 


which components and represent water, nonelectrolyte, 
and salt respectively. 

Salt theories are generally concerned with the 
tion the interaction parameter, and 
not with the nonelectrolyte self-interaction parameter. The 
usual units are either molarity mole fraction. ‘The quantity 
used indicate magnitude salt effect. Negative values 
indicate the occurrence the opposite effect, salting 
dissociation must considered when attempting 
place salts order effectiveness. molecular values are 
used for the salt parameter then includes consideration 
ionic charges and the ions per salt molecule. This 
equation has been found successful even quite 
concentrations 
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The causes and effects the preferential attraction 
dissolved salt for one component -nonelectrolyte 
over the other have been explained various salt 
effect theories, some quantitative but most qualitative. These 
can classified under one the following: hydration, 
electrostatic interaction, van der Waal’s forces, and internal 
pressure. They are discussed length Long and 

The electrostatic Debye and 
and others, while giving the only really quanti- 
tative approach salt effect, yield only limiting laws because 
their restrictive assumptions. They indicate that the 
logarithm the activity the nonelectrolyte 
proportional the ionic strength (and hence mole concentra- 
tion) the salt the limiting case infinite dilution. 
finite concentrations electrostatic field ion 
would expected weakened ion interaction. Further- 
more, the parameters involved applying these equations are 
often evaluate. Altshuller and state that 
experimental measurements diclectric constants electrolytic 
solutions have been confusing and contradictory. They also 
state that ionic radii obtained stallographically not apply 
with exactness solution. Mean ionic radii and distances 
closest approach are nebulous properties, difficult evaluate. 
The literature contains few data the effect nonelectrolyte 
concentration dielectric decrement. The electrostatic theories 
have been unsuccessful generally predicting the salting out 
parameter 

Continuing the simplified behavior pattern suggested 
salting would indicate preferential attraction 
ions for the nonelectrolyte over the solvent, even when the 
nonelectrolyte less polar. The larger the ion, the lesser its 
electrostatic field. the presence either salt 
molecules large ions, (the case point mercuric chloride), 
the highly polar water molecules would tend more towards 
orienting into associated state with each other than with the 
forcing the salt particles into the vicinity the less polar 
nonelectroly molecules. The large ion, attracted non- 
electrolyte molecule, would result the formation ion- 
nonelectrolyte association. 


Since one theory has been able represent satisfactorily 
the data salt effect the liquid phase except restricted 
and limiting cases, previous investigators agreed that 
salt effect caused complexity forces and interactions, 
one which sufficiently insignificant relation the 
others that may neglected. 


THEORETICAL PRINCIPLES 


The effect salt, when added solution two liquid 
components, alter the composition the equilibrium vapor 
phase. Alterations properties such vapor composition and 
total pressure boiling temperature cause the addition 
are outward manifestations the effect the salt the more 
fundamental properties the two volatile components, their 
chemical potentials. 


Salt Effect Chemical Potential 


Consider two- two- -phase system which both 
components appear both liquid gascous phases. will 
designated lack subscript. ‘To this system added 
phase. This latter system will designated the 

Assume the number molecules present the vapor phase 
sufficiently small compared the liquid that change 
vapor composition will not alter the ratio the two volatile 
components the liquid. Assume equilibrium exist each 
the two systems above. 

pointed out that the preferential attraction the 
added ions for one volatile component over the other removes 
molecules the former component from their solution role. 
This decreases their activity the main body the solution. 
Molecules the other component are expelled from the ionic 
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regions into greater activity the solution. indicated 
that the net result was reduction the chemical potential 
the former component and increase that the latter. 

would therefore rational seek correlation for salt 
effect vapor-liquid equilibrium the altering the chemical 
potentials the two volatile components the salt. 

Define measure salt effect as: 

effect = (Mis (Mis My) (2) 

Assume the vapor phase ideal gaseous solution. 

Hence 
Assuming constant pressure, that the salt addition has 


negligible effect the temperature the boiling system, 
substitution Equation (3) into Equation (2) yields 


effect (4) 


Since the values and and hence have not been 
altered salt addition, 


a 


Since the system variables are pressure, temperature, and 
the amounts the components, and since pressure, temperature 
and the amounts the two volatile components the liquid 
phase are fixed, the above quantity suggests itself for relating 
salt effect the vapor phase salt concentration the 


Assume linear relationship first approximation. 


a, 


Reduction Gilliland’s Equation 


Gilliland“, using ternary van Laar equations, established 
that the effect the addition volatile, 
liquid third component the vapor-liquid equilibrium 
binary system was 


where function the ternary van Laar 

the nomenclature the present investigation, and making 
the same assumption that the temperature stem 
has not been altered materially constant pressure the third 
component addition, the above equation reduces 


a; 
a 


which similar Equation (6), although derived tor non 
electrolyte third components trom van Laar equations. 


Assumption Constant Temperature 


boiling system various solvent-nonelectrolyte ratios, the 
existence narrow boiling temperature range 
would permit the assumption constant this 
case, (7) reduces 

a, 


log = k, N;... (9) 
a 


Y2s Vi 


where empirical quantity representing the over-all 
specific effect given salt the vapor-liquid equilibrium 
given binary system. 


Relation Salting Out Parameter Vapor-liquid 
Equilibrium 

The effect salt concentration the activity coefficient 
the nonelectrolyte (alcohol) represented generally the 
approximate Equation (1). 

log this expression becomes 


constant temperature pressure, and and 


V2 TR ny T Ne Ye 
(12) 
Ri Re mi; Ne 
Combination (10), (11), and (12) yields 
a, 


where the parameter used previous 
investigators measure salting and out and would sim- 
ilarly represent ion-solvent interaction. 


(9) and (13) are identical when 


Cancelling-out Terms 


(9), which has been arrived from three different 
directions, postulates linear relationship between the quantities 
involved only for constant solvent-nonelectrolyte composition 
ratio. has been argued that salt effect complex function 
interactions and between all three compo- 
nents. addition, the degree dissociation salts aqueous 
alcohol known vary with the ratio. There- 
fore, theory exists indicate that the value should 
expected remain constant for given system the binary 
composition varied. 

evident from Equations (10) and (11) that the absence 
simplifying assumptions they should have additional terms. 
This fact becomes more apparent when Equations (10) and (11) 
are derived from definitions the activity and the 
‘Gibbs 

However, conceivable that these interactions may either 
not vary appreciably, or, more likely, tend balance each 
other, the ratio varied. Should this 
prove the case, then the additional terms 
and would tend toward cancelling each other. 
(9) represents the difference between equations (10) 
and (11), such cancelling tendency would permit (9) 
represent vapor-lig equilibrium curve, and represent 
even cases when (10) and (11) failed altogether 
for varying valucs 


Correlation and Prediction 

Having established the value ks, and knowing the vapor- 
liquid equilibrium data for the binary system free salt, 
Equation (9) would permit the calculation salt effect 
vapor-liquid equilibrium, should found apply. 

For any value x2, the equation would relate salt concentra- 
tion vapor composition. would predict the vapor-liquid 
equilibrium curve for any given salt concentration calculate 
the amount salt necessary for desired vapor enrichment. 

addition, salt solubility function binary liquid 
composition known can estimated, this equation would 
predict the equilibrium curve for saturated salt concentration 
from the salt solubilities the two pure components. 
latter curve would represent the maximum effect possible from 
given salt, this maximum effect being function not only 
the salt effect parameter but also the solubility the salt, 


EXPERIMENTAL METHOD 


primary purpose for establishing the binary vapor-liquid 
equilibrium data the three alcohol-water systems was 
compare these data those the literature check the 
accuracy the apparatus and experimental method. The data 
for the ethanol-water system atmospheric pressure were re- 
ported Part this Those for methanol-water 
along with comparison with literature 
data, are included this paper. The method that described 
Part addition, each run with these three binary systems, 
the steady state liquid composition, calculated material bal- 
ance from the volumes and densities the charge the still 
and the steady state condensed vapor holdup the condensate 
chamber, was compared the actually measured value the 
end the run. This was check the material balance 
method used obtain the equilibrium liquid composition 
salt-free basis the presence saturated salt. 

The data for these two systems are reported Tables 
and Figures and illustrate these data. Averages the 
n-propanol-water are shown solid lines 
figures, while the points represent the experimental data reported 
the tables. 

The alcohols and salts used the investigation were 
analytical reagent grade. exact specifications are listed 
with the original 

The vapor-liquid equilibrium data for the alcohol-water-salt 
systems were obtained with the apparatus and method de- 
scribed Part some the systems, saturated 
concentrations were measured titration for chloride 
ion, while for others the concentration was merely reported 
being saturated. The steady state liquid composition was cal- 
material balance from the volumes and densities 
the liquid charged the still before the addition salt and 
the steady state condensed vapor holdup, compositions being 
obtained specific gravity measurement samples. 


EXPERIMENTAL RESULTS 


‘The experimental data for the binary systems 
checked with the averaged data about two-tenths 
one mole per cent, The comparison between 
liquid compositions actually measured and those determined 
material balance showed average deviation less than one- 
tenth one mole per cent, indicating the system closed 
and the material balance method suitable technique. 


‘Tables and list the experimental data for methanol-water 
and for n-propanol-water and list the vapor-liquid 
equilibrium data atmospheric pressure for alcohol-water 

saturated systems, the compositions being reported 
free basis. ‘Lables and report data for the 
water-calcium chloride for each several liquid 
compositions salt free basis, salt concentration was varied 
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Figure 


Typical liquid-vapor equilibrium curves for methanol-water with salt effect 
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Figure 


Typical liquid-vapor equilibrium curves for ethanol-water with salt effect (atmospheric pressure). 


and its effect vapour composition noted. Complete tabulated 
data are obtainable from the American Documentation Institute.* 
Figures illustrate some the typical vapor-liquid 
equilibrium curves. ‘The curves are for atmospheric pressure 
and are reported salt free basis. curve for the corre- 
sponding alcohol-water system without salt shown each 
dashed line for comparison purposes, order that 
the magnitude the salt effect may seen Literature 
data are included these graphs for the systems for which any 
exist. Complete graphs may seen the ori iginal 
°Tables 1 to 28 of this paper have been deposited as Document No, 6256 
with the ADI Auxiliary Publications Project, Photoduplication Service, 
Library of Congress, Washington 25, D.C. A copy may be obtained by 
citing the Document No. and by remitting $1.25 for photoprints, or 
$1.25 for 35 mm. microfilm. Advance payment is required. Make 


cheques or money orders payable to: Chief, Photoduplication Service, 
Library Congress. 
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DISCUSSION RESULTS 


Although most salts salted out water the 
three binary systems investigated, evidenced 
the increased activity alcohol the vapor phase, some 
had little because low salts, 
chloride and bromide, caused salting 
Figure occurrence this latter effect results 
negative values 

Some very slight shitt the ethanol-water azeotrope 
composition richer ethanol apparently caused those salts 
most effective salting out ethanol. indetinite 
because the solubility these salts the 

low that salt effect almost nonexistent. shown 
and these salts cause marked azeotrope 
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Figure 


Typical liquid-vapor equilibrium curves for n-propanol-water with salt effect (atmospheric pressure). 


2 PHASES 


AMMONIUM CHLORIDE 
SATURATED) 


19 


Figure 7—Liquid-vapor equilibrium data for n-propanol- 
water with ammonia chloride pressure). 


the n-propanol-water system because the higher salt sol- 
ubility the more water-rich composition. Mercuric 
chloride igure 8), being quite soluble the azeotropic regions 
both systems, causes substantial shift the other 
owing its salting effect. 

Most the salts that caused out the alcohols 
were much more soluble water than the alcohols. Since, 
saturated salt concentrations, salt effect function its 
solubility the system, the large salt effect the water-rich 
regions, which tends diminish rapidly liquid composition 
moves toward the alcohol-rich region, explained. The shape 
the curve also explains why salts such mercuric 
chloride, which are soluble both components, exert 

nore uniform effect throughout the binary composition range. 


CHLORIDE 
SATURATED) 


Figure 8—Liquid-vapor equilibrium data for n-propanol- 
water with mercuric chloride (atmospheric pressure). 


former effect characterized small fractional value 
the exponent (15), and the latter value 
closer 


the data shows the boiling ranges the 
systems investigated quite narrow over most 
liquid composition ranges. When this range width compared 
the approximate absolute temperature, the fractional variation 
would appear sufficiently small justify the assumption 
constant Examination the data also shows that 
boiling and depressions caused the salts are 
quite small, usually degree less. 

saturation was assumed exist when 
slight excess solid salt persisted over period ume. All 
salts employed the investigation dissolved 
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Figure Typical data showing interaction 
parameters and correlation constant. 


Furthermore, the system was saturated with salt under conditions 
zero vapor condensate holdup. The establishment holdup 
after first approaching saturation further ensures its attainment 
removing some salt- free liquid from the salution vapor 
create this holdup. 

the material balance technique establishing 
the equilibrium liquid composition, salts known possess hy- 
drated forms the conditions temperature 
involved were avoided generally. (The slight excess solid 
would alter liquid composition. 

some systems the salting out effect was such magnitude 
cause reduction mutual solubility the point 
formation two liquid phases illustrated and 

This effect becomes more probable the alcohol series 
ascended and the alcohol-water mutual solubility less. 

advantage analysis equilibrium liquid composition 
material balance occurs systems which the salt causes 
formation region two liquid phases. Since the binary 
charge analysed before the salt added, this method permits 
the over-all liquid composition steady state, 


quantity very difficult measure otherwise. the region 
two liquid phases, the phase rule indicates that zero degrees 


freedom exist, fact confirmed the horizontal slope the 
equilibrium curve. this region the compositions the vapor 
and two liquid phases are fixed and only the relative amounts 
the two liquid phases can 


TREATMENT EXPERIMENTAL RESULTS 


(a) and data are reported for two systems 
which was held constant each several values hile 
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concentration was varied. shown Figure 9(c) the data 
for each value were plotted per Equation (9) and the 
values established. From these values k3, the known 
salt-free binary equilibrium data, and the experimentally meas- 
ured values and Equation (9) was employed calculate 
vapor enrichments. These calculated values were compared 
the experimentally determined values. The over-all erage 
numerical deviation for the experimental points these two 
systems was 0.003 mole fraction. For given system, the value 
was observed almost independent x2. 


(b) Data are reported for systems consisting alcohol- 
concentrations were actually measured. For each these 
systems, the data were plotted per Equation (9) and 
straight line drawn determine the best single value 
for the system. above, Equation (9) was then used cal- 
culate vapor compositions, which were then compared the 
experimental values. The over-all average numerical deviation 
for the 116 experimental points these systems was 0.009 
mole fraction. 


addition, illustrated Figures 9(a) and 9(b), activity 
were calculated from the data, and these data were 
plotted per Equations (10) and (11) for the purpose examin- 
ing any tendency toward the proposed cancelling-out effect. 
Table lists the values the parameters obtained from these 
plots. Values and are reported only two figures 
because the apparent non-linearity the data Equations 
(10) and (11). The additivity expressed Equation (14) 
noted. 


(c) Providing the relation between solubility and binary 
composition known, Equation (9) proposed predict the 
vapor-liquid equilibrium curve system from knowledge 
only the solubility the salt each the two pure volatile 
components. 


Curves against were plotted for the nine systems 
for which saturated salt concentration data had been measured, 
the intercepts representing the salt solubility the two pure 
components. These curves indicated that relatively large 
amount the component which the salt more soluble 
required change the salt solubility appreciably from its value 
with large solubility differences the salt between the two 
components and small when the difference other 
words, the solubility curves were festoon-like shape. 

Because the complexity the various solution phenomena 
governing the solubility electrolyte across the entire com- 
position range boiling binary solvent under constant pressure 
conditions, empirical solubility relation was chosen. The 
configuration the measured solubility curves suggested the 
followi ing relation: 


where and are the intercepts the versus curve 
and represent the salt solubility the pure components. The 


values, taken from salt solubilities values 


0.5 and were used evaluate the constant for each 
The values and were taken single tem- 
perature for each system, this temperature representing the 
average boiling temperature the system. The value 
was calculated for each the systems from single experi- 
mental point each system. The ‘values used are contained 

30. (The reason for differing tor given system 
between Tables and lies this single temperature 
which values and were taken from the literature.) 

From the known salt-free binary vapor- 
curve and the values calculated from (in turn calculated 
from 15), the saturated salt vapor- 
curve Was predicted with quation (9) tor each the systems 
compositions were compared those taken trom the 


i 
k,=230 


TABLE 


methanol water potassium chloride —1.0 2.3 3.38 


mentally determined curves. The over-all average deviation 
for the 264 point these systems was 0.005 mole fraction. 

The detailed calculations and comparisons outlined above 
are presented more fully 


DISCUSSION 


Representation Data 


Equation (9) was found represent salt effect vapor- 
liquid equilibrium successfully when salt concentration was 
varied constant x2. Carrying this out various fixed values 
for system, the quantity was found relatively 
independent binary liquid composition. 

This observation was further confirmed the ability 
Equation (9) represent the data for the nine systems which 
salt concentrations were measured, using single value 
over the entire liquid composition range each system. Further- 
more, for the systems tested, because saturated salt concentra- 
tion function liquid composition and temperature was 
capable being approximated, the equation allowed prediction 
the effect the vapor-liquid equilibrium curve saturating 
the system with salt, from knowledge the basic solubility 
properties the components. The representation the data 
Equation (9) was accurate deviation the order 
one mole per cent less, these deviations including any experi- 
mental inconsistencies the unsmoothed data. 


Cancelling-out Effect 


The observed lack change the value the function 
across the liquid composition range system would indicate 
the existence balancing tendency, cancelling-out oppos- 
ing effects, among the various effects comprising the action 
salt vapor-liquid equilibrium. 

examination the plots activity coefficient and 
relative volatility ratios against salt concentration per Equa- 
tions (9), (10), and (11) for the nine systems indicates clearly 
that Equation (9) tends represent these data linearly while 
Equations (10) and (11) not. Figure included 
sample illustration one these systems. may seen from 
these plots that, for each value salt concentration, the activity 
ratio the water tends deviate the same direc- 
tion from best straight line does the activity coefficient 
ratio the alcohol. Since Equation (9) represents the difference 
between Equations (10) and (11), these deviations tend cancel, 
enabling Equation (9) hold adequately over the entire vapor- 
liquid equilibrium curve given system with single value 
of ks. 


Prediction Salting Parameters 


Although Equations (10) and (11) reduce the limiting case 
infinite dilution one the volatile components 
Law, attempts calculate and from vapor pressure 
depression data were unsuccessful, since was found that the 
limiting values obtained did not approximate the values 
the presence the second volatile 
systems has been necessary establish the value from 
single experimental determination per system. 

Raoult’s Law predicts that the salt would lower the vapor 
pressure each volatile component the absence the other. 
Hence the limiting values and the absence the 
other volatile component would expected negative. 
However, when salt added mixture the two volatile 
components, the salt, salting out one component, actually 
raises its partial pressure while lowering that the other. The 
difference between the effect the salt component alone 
and that component the presence the other would then 
indication the relative importance the other 
determining the total salt effect the mixture. 


TABLE 


TABULATED SOLUBILITY DATA AND CORRELATION CONSTANTS 


System 

methanol water ammonium chloride 0.217 

potassium chloride 0.124 
sodium nitrate 0.310 

lead nitrate 0.059 

mercuric chloride 0.018 
ethanol ammonium chloride 0.225 
sodium chloride 0.118 
potassium chloride 0.125 

lead nitrate 0.061 

mercuric chloride 0.021 
mercuric bromide 0.002 

mercuric iodide 

barium nitrate 0.019 
potassium sulphate 0.022 

ammonium sulphate 

cuprous chloride 0.010 
n-propanol ammonium chloride 0.242 
sodium chloride 0.120 

potassium chloride 0.134 

sodium nitrate 0.350 

mercuric chloride 0.029 


Sse d ks 
0.025 0.4 2.4 
0.005 0.4 3.8 
0.3 4.3 
0.005 0.4 
0.3 2.0 
1.0 
0.000 0.3 3.6 
0.000 0.3 4.8 
0.3 4.2 
0.3 3.0 
0.3 3.5 
0.160 1.0 —0.6 
0.077 1.0 
0.005 1.0 0.1 
0.3 2.0 
0.000 0.2 1.0 
0.1 
0.3 2.4 
0.3 3.5 
0.000 0.2 6.9 
0.000 0.2 6.3 
0.4 2.7 
0.000 0.2 4.0 
1.0 —0.9 
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the departure the salt-water interaction para- 
meter from negative value could considered measure 
the relative significance salt-alcohol interaction deter- 
mining salt effect, and the departure the salt-alcohol interaction 
from negative value measure salt-water 
interaction significance. 

The salts ammonium, sodium, and potassium chloride salted 
out the three alcohols under study from aqueous solution quite 
strongly. The values were observed negative, while 
those the salting out parameter were changed substantial 
positive values. This would indicate that salt effect strongly 
governed the above examples ion-water interactions and 
only ion-alcohol interactions. This fits well with the picture 
the strong affinity the ions these three salts for highly 
polar water effect repelling the less polar alcohol 
molecules from the ionic regions the solution and removing 
them from close contact with the ions. 


Relation Salt Effect Vapor-liquid Equilibrium 
Salting and Out Liquid Solutions 


Salting out non-electrolyte liquid solution has been 
explained the fact that the ions exert preferential attraction 
for the molecules one volatile component over those the 
other. The former are drawn into associations with the ions, 
reducing their activity solution. The latter are expelled from 
the ion regions into greater activity the body the solution 
remote from the ions. 

Because the electrostatic field the ions and its attraction 
for these molecules, the volatility the regions consisting 
ion-molecule complexes abnormally low. Hence the vapor 
composition determined mainly the solution regions remote 
from the ion fields (rather than the over-all liquid composition 
would the case the absence the salt). Since the 
portion the liquid from which most the vapor arises has 
been increased the less-attracted component, the net result 
altering the equilibrium vapor composition. The increased 
activity this latter component solution reflected its 
increased partial pressure the vapor while the partial pressure 
the more-attracted component reduced the salt addition. 


Reduction Mutual Solubility 


general rule, the degree solubility one substance 
another depends the degree similarity between the 
molecules the two things tend dissolve 
other. When ions are added solution two volatile 
nonelectrolytes and they exert preferential attraction for one 
component over the other, they enter into associations with this 
component. doing, they reduce the degree similarity 
between the two components. This offered simple 
qualitative explanation the reduced mutual solubility that 
salting out. 


Relation Salt Solubility Salt Effect 


(a) Previous investigators have noted qualitatively that 
salt more soluble the less volatile component than the more 
raises the relative volatility the system and vice versa. 

The relation salt solubility its attraction for component 
postulated the explanation for this observation. Since like 
things tend dissolve like, ionic substances such potassium 
chloride would expected more soluble polar water 
than less polar alcohols. other words, general rule, the 
salt would more soluble the component for which 
exerts greater attraction solution. 

The salt, having lesser attraction for the component 
which less soluble, salts out this component, hence raising 
its volatility relation that the the component 
which the salt less soluble the more volatile, the relative 
volatility the system raised, and vice versa. 

Since salt effect governed the degree difference 
between the attraction the salt for one component over the 


other, the above postulate also explains why the magnitude 
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salt effect has been observed function the difference 
between the solubilities the salt the two pure components. 

(b) For cases which salts exhibit festoon-like solubility 
curves with liquid composition, development similar that 
will yield more rigorous basis for the relation 
salt solubilities the two pure components salt effect 
vapor-liquid equilibrium saturation. 

For the purpose the following argument only, assume 
that Component the component which the salt more 
soluble, and that and are held constant. When the 
saturated salt equilibrium with slight excess solid salt 
(i.e. its chemical potential constant) expansion the derivative 
the chemical potential the salt its variables reduces 


Ons 


nN 


Rearranging the order differentiation, this expression 
becomes 


Ou; dn 3 
nN nin ny 
‘ dns « 
will seen that the expression will represent 


curve salt against salt-free binary composi- 
tion 

For salts exhibiting festoon-like solubility curves binary 
solvent, this intercept would generally negative value. 


inherently 


positive, seen from the above relation that increasing 
function salt concentration. When increasing function 
salt concentration, the Gibbs-Duhem equation indicates that 
decreasing function salt concentration. other words, 
Component the component which the salt less soluble, 
salted out. Its increased chemical potential manifested 
its increased concentration the vapor phase. 


Nonelectrolyte Order 

The electrostatic theories salting out predict that the 
degree salting out aqueous solution increases with 
decreasing dielectric constant the nonelectrolyte. 

For given salt, was observed that the value the salting 
out parameter was greater for alcohols lower polarity. 
the alcohol series ascended and this component becomes 
less polar, observed more strongly salted out from 
aqueous solution salts which cause this effect. 


Order Effectiveness Salts 

Salts have been ranked their order effectiveness pre- 
viously the value the salting out parameter 

The values salt parameters reported the Treatment 
Results section are based mole fraction salt concentrations. 
For highly electrovalent salts, salt order should established 
values corrected for dissociation (i.e. ionic strength). 
However, this would apply for such salts the mercuric 

average the data listed the for salting 
out solutions two polar components yields following 
diminishing average order: 


the experimental values corrected for 
ionic strength, for various cations with each anion 


Ous 


various anions with each cation, each binary system, yields 
the following diminishing average order: 


cations 


This observed salt order about similar the average 
order the literature any one from the investigations making 
the average literature order. (It emphasized that 
this latter order ery rough and changeable for polar solvents.) 

lists the followi ing crystallographic ionic 


0.60 
0.95 
1.10 
1.24 
1.35 
1.48 
1.69 


The electrostatic theories salt effect predict 
effect diminishes with increasing ion radius, since the electro- 
static ficld the ions greatest when ion radius smallest, 
causing maximum attraction for highly polar water molecules 
under this condition. has been demonstrated 
previously that salt effect not governed electrostatic 
interaction alone but rather complex function all possible 
interactions. This accounts for the fact that, although salting 
out generally diminishes aqueous solution with increasing ion 
size, the order not mirrored exactly. (The covalent nature 
the mercuric halides accounts for the low effect the 
relatively small mercuric ion). 


SUMMARY 


interesting note that, for the systems investigated, 
this apparent balancing various interactions enables this simple 
relation represent not only the effect the variation salt 
concentration the vapor- liquid equilibrium system for 
single ratio the two volatile components the liquid phase, 
but also for any ratio these two components, with single 
value 

Salt effect vapor- liquid equilibrium proportional the 
value but limited salt solubility. The value 
was found greatest for salts exhibiting the greatest solubility 
differences between the two components. However, the salt 
must sufficiently soluble the component which less 
soluble, dissolve the concentration required for the separa- 
tion. Both factors must considered the choice salt 
extractive agent. 
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NOTE THE EDITOR 


Solvent Extraction Saskatchewan Lignites 


II. Note the Properties the 


The extract obtained from Saskatchewan black, 
brittle, shiny solid, with brown streak and conchoidal frac- 
ture, similar appearance German montan wax. Table 
compares properties various extracts including one obtained 
from Saskatchewan lignite Sample grinding minus 
0.5-in. and extracting batches atmospheric 
pressure Soxhlet apparatus with mixture parts 
volume benzene and 95% When the solvent 
leaving the lignite was colorless the was filtered and 
the solvent aporated. The yield was 2.5% (moisture-free 
basis). Table shows that the extract and 
North Dakota extract are similar. Both have lower melting 
points and much higher resin contents than the specimens 
from California and ‘Germany. 


The Sample extract was examined two commercial 
laboratories. One‘® attributed only slight waxy characteristics 
the material and recommended against its further evaluation 
for use polish. The reported 68% resin and 26% 
waxes the extract but believed its commercial value 
small. 


Attempts were made increase the yield acid treat- 
both prior and during extraction. Yields could 
approximately doubled both cases but consisted part 
cinder-like solid which did not fuse heating, but instead coked 
and charred. These results agree with those 


Since increase temperature extraction can increase 
the yield extract from Sample was extracted 
77°C. with benzene-959 ethanol, 80: (b.p. 721mm.) 
with the apparatus Although increased yield 
was obtained, the product was smelling, soft, black, 


sticky grease with sharp melting point, and resin content 
85% 


attempt decolorize extract from Sample with 
activated charcoal (Norit Extra produced orange gum 


almost wholly soluble cold ether and therefore high resin 
content. 


The high resin content, low wax content, and low yield 
the extract, combined with the failure increased temperature 
extraction, acid treatment, and activated charcoal treatment 
produce high quality extract, imply that the extraction 
wax not likely feasible commercially. 
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TABLE 
PROPERTIES EXTRACTS 
Raw Extract Ione, Calif. Raw California Raw German 
from Sample (2,4) Lignite Wax (5) Lignite Wax (4) Wax (4) 
Solvent Benzene, 95% Benzene, 95% Benzene, 95% 
ethanol, 80:20 ethanol, 80:20 ethanol, 80:20 

Acid Value (4) 46! 67-76 
Saponification 1084 103 111 132-145 

Value (4) 
Ester Value (4) 624 64-69 
Specific Gravity 

cold ethyl ether. 
capillary tube method (2,4). 
refers the product early run the large Soxhlets. 
refers the mixed products four runs the large Soxhlets. 
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INDUSTRIAL SECTION 


Polymeric Self-Sealing Distillation and 
Extractor 


suitable polymeric material offers several ad- 
vantages over metals and alloys normally used for 
self-sealing friction-fit trays distillation and 
extraction columns, reducing the capital cost and 
maintenance charges and improving the efficiency 
small diameter columns. The nature 
polymeric materials also increases the plate effi- 
ciency extractor when the plate wetted 
continuous organic phase which passes dispersed 
water phase. 


The plate efficiency and performance small 
column are often reduced leakage passing 
vapor and liquor the periphery the trays. 
This problem can overcome using self-sealing 
polymeric trays arranged cartridges which are 
assembled and inserted into the column shell 
unit. The flexible nature polymers ensures tight 
fit between the trays and the shell the column, 
notwithstanding normal out-of-roundness the shell. 


recent Canadian development the Polymeric Self-Sealing 

Tray which may used for distillation extraction 
columns. ‘Applications have been made for covering patents 
Canada and other countries. The use suitable polymeric 
material (neoprene, polyethylene, Teflon polytetrafluoroethylene 
resin, type polyvinyl resin, friction-fit type 
tray offers advantages over metals and alloys both reducing 
the capital cost and maintenance charges and increasing the 
small column (24-in. diameter less) particularly 
operating with low liquor rate. Polymeric materials are 
preferentially wetted the organic phase extractor and 
give greater plate efficiency than metals, provided water 
the dispersed phase. Polymeric trays are also relatively cheap 
and easy fabricate. 


distillation column normally consists vertical tubular 
shell containing number bubble cap, perforated patented- 
types trays. The plates trays are held place the 
required number support rings attached the shell 
tie rods which pass through and hold the trays the desired 
plate spacing. The tie rods one tray are connected the 
adjacent rods the trays above and below. Pilot and commer- 
cial scale columns this type are designed over wide range 
sizes, both diameter and height. 


Conventional perforated-trays have advantages over bubble 
cap-trays distillation columns and extractors. The simplicity 
construction, the greater capacity and the lower pressure 
drop are desirable characteristics perforated-trays. 
proposed polymeric trays are especially attractive perforated 
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although they are quite suitable for the attachment bubble 
caps made Teflon polytetrafluoroethylene resin, other 
materials. 


The bubble caps perforations distillation plate 
extractor act means for contacting vapor and liquid 
heavy liquid phase and light liquid phase. The plate efficiency 
and performance column are decreased vapor liquid 
by-passes contacting zone containing the bubble caps 
the and passes between the the plate 
and the shell. Usually vapor passes around the edge plate 
and liquid drops down ‘the column wall falling film. Accord- 
ingly the plates should sealed suitable manner against 
the inside surface the enclosing shell reduce entirely 
prevent the leakage vapor and liquid around the outer edges 
the trays. This especially true for small diameter column 
the plate-shell clearance exerts greater effect operation 
owing the increased percentage free area. 


Table indicates common types seals between trays and 
the associated methods assembling the trays the column. 


Friction-fit trays are often preferred other types plates, 
especially small diameter columns owing their simplicity 
assembly, low cost and the elimination any problem 
associated with the selection suitable braided packing 
gasket. assembly friction-fit plates can quickly and 
accurately placed shell and firmly supported metallic tie 
rods support posts which slip screw into neighbouring 
spacing members. The assembly enters the top shell- 
section and removed from the bottom the same section 
the same direction from the top the bottom the column. 
small diameter column, there limited space for installing 
and removing the trays; peripheral packed ring and gasket 
seals usually require flanged sections the column for 
tray assembly than friction-fit plates. Self-sealing trays also 
can assembled shorter time. 


Other sealing methods include the use flexible polymeric 
gaskets which tightly enclose the outer edge each plate 
the addition poly meric sealing ribbons hich are fastened 
the bottom edge each tray. the ribbon diameter slightly 
greater than the column diameter, the ribbon tilts upw ard 
against the shell the plate drawn into the column. Thus 
there close fit between the ribbon packing material and 
the shell. 


Metallic friction-fit trays often permit excessive by-passing 


vapor and liquor the plate-shell interface, particularly 


the diameter the column less than inches. Gaps occur 
between the metallic plate and the shell owing normal out- 
of-roundness the shell and the plate and because permanent 
deflections the lip, formed during assembly. When standard 
metallic tray enters column hich not perfectly round, the 
lip the tray may deflected interference 
introduce permanent set the lip which prevents the lip 


TABLE 
SEALS AND ASSEMBLY TRAYS COLUMN 


Method Description Seal 


Peripheral Packed 


ing ring, attached the tray. 
Ring and Gasket 
shell supports the sections each tray. 
The seal made gasket and held 
place studs, etc. 
Friction-fit 


rest against the shell. 


gland forces and clamps braided complete tray sections tray are assembled 
packing between the shell and pack- inside the column. 


angle iron ring attached the Individual trays are inserted and assembled inside 
the column. 


The edge each tray lifted press- For small diameter columns, assemble cartridge 
ing, rolling flaring until the lip will number trays united the tie rods the 


correct plate spacing; each cartridge drawn into 
the shell and fastened adjacent cartridge 
means the tie rods. For larger columns, the trays 
can inserted one time and fixed the tie rods. 


Assembly Tray Range 


Column diameter 
>30 in. 


Column diameter 
in. 


Any diameter 


from sealing when reaches its ultimate position. However, 
polymeric trays are unusually resilient, fit tightly against the 


shell the column and deflect liquid from the periphery 
the trays. 


Nature the Plate Efficiency 


The efficiency perforated-plate column extractor 
affected the physical characteristics the fluid system, flow 
rates, tray design and also the wetting properties the 
material for the plates. Garner and his 
have examined the literature and verified experiments 
4-in. perforated-plate extractor that the nature the trays will 
alter the plate efficiency predictable manner. 

For efficient operation, Garner has shown that the droplets 
should have regular size and shape the plate surface the 
plates should preferentially wetted the continuous phase. 
Teflon and slighter extent polyethylene preferen- 
tially wetted continuous organic phase, plate efficiency 
increased such polymers are used for the plates provided the 
water phase dispersed and the direction mass transfer 
from the continuous organic phase the dispersed water phase. 
Thus for effective aqueous phase dispersion, the plate surface 
must hydrophobic nature and preferentially wetted 
the continuous organic solvent phase. Tests made Garner 
showed resin and polyethylene 
are strongly hydrophobic and metals are more The 
experimental runs were made two systems, having dispersed 
water phase. The tests showed that the plate was 
increased approximately 30% and 12% when mild steel was 
replaced the above polymers, the higher value being obtained 
the system with the greater interfacial tension. Mild steel 
plates gave larger hold the plates and blobs liquid, 
instead continuous stream relatively small droplets 
fairly uniform size, noted for polymeric plates. 

When the organic solvent phase dispersed aqueous 
continuous phase, metal plate was found slightly better 
than polymeric plate because metal preferentially wetted 
continuous aqueous phase. Brass clean mild steel 
better than rusted mild steel which lies about halfway 
wettability between brass and Teflon. 


Mechanical Design 


The object this development provide tray for use 
fluid contacting equipment which char- 
acteristics virtue its shape and the material from which 
constructed. The mechanical details the proposed tray 
for distillation column are shown Figure and for 
extractor Figure for distillation column 
are equally applicable for extractor and vice versa. The 
polymeric tray can given additional rigidity adding rein- 
forcing rings illustrated for extractor Figure 
reinforcing the polymer with asbestos Fiberglas, etc. The 


new Teflon X-100 moulding resins particularly lend themselves 
tray fabrication insofar reinforcing-ribs and weirs can 
moulded directly into the tray. 

the drawings, the shell the distillation column marked 
(1) and the polymeric plate with turned lip (2) and (3) 
respectively. rods may joined (4) screwing 
one rod into the other (5) inserting one rod into 
another. typical tubular downcomer upcomer shown 
(6) and typical set perforations (7). The upper and lower 
reinforcing rings, (8) and (9) respectively, are held together 
the nut and bolt assembly marked (10). 

Figure presents plan and cross-sectional view 
distillation column. The weir, (11), can welded directly 
the tray secured the tray means studs and nuts 
pegs. The downcomer consists solid moulding and nut, (12), 
made the same polymeric material the tray. The nut 
fitted from underneath the tray and tightened keep the down- 
manner. 

The supporting rings are useful reduce eliminate sagging 
large plastic tray. material selected for the top and 
bottom metal plates will depend the nature the process 
materials the column. shape the cut-out and the 
unsupported area the plate can vary with the particular 
process. Additional rigidity can also obtained adding 
reinforcing ribs one both sides the tray. 

clear from the drawings that the polymeric self-sealing 
plate simple construction. The flange the edge the 
plate provides simple and secure sealing between that plate and 
the shell the column. The height the flange, the angle 
which meets the plate and the thickness the tray may 
varied meet the requirements design. laminated lip may 
used guarantee reduction by-pass vapor and/or liquor. 
The proposed polymeric plate permits unit construction, con- 
venient installation and removal. 

The polymeric material chosen the basis its resist- 
ance chemical attack, non-tendency swell, and the 
temperature and pressure conditions within the column. Teflon 
resin usually preferred other mater- 
more rigid and does not have the tendency swell 
and buckle the presence many solvents. The maximum 
service temperature for Teflon polytetrafluoroethylene resin 
about 300°C. and for the majority other polymers only about 
80°C. Any flanged plates supporting the polymeric tray should 
material substantially chemically and physically inert 
the chemicals with which they will come contact. 


Installation 


Two operating columns containing 
trays, and inches diameter, have provided the required 
separation without mechanical trouble. actual capacities 
were found lower than expected the orifice coefficient 
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Figure self-sealing distillation tray. Plan and 
cross-section, 


Figure 3—Demonstration model two polymeric trays 
partly inserted shell. 


that was used during the design was found too high. 
Based our experience, the orifice coefficient should deter- 
mined for the polymer selected for the trays. Polymers differ 
from metals wettability and compressibility; the holes might 
decrease slightly size after drilling and not the same 
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Figure 2—Reinforced polymeric self-sealing extractor tray. 
Plan and cross-section, B-B. 


shape. The capacities the two columns were increased 
the designed throughputs after the number 
enlarged accordance with the corrected orifice 
Fabrication Polymeric Trays 

The plates being used present were manufactured 
Joseph Robb and Co. Limited Montreal. The various steps 
the manufacture the polymeric material are follows: 

No. Teflon polytetrafluoroethylene powder, with bulk 
factor thoroughly screened and loaded into steel 
frame mounted press with top and bottom pads Masonite. 
The powder then compressed for ten minutes pressure 
2,000 Ib./sq. ga. The biscuit, now called, then 
removed from the frame and the edges trimmed, which point 
placed the oven and the temperature elevated 385°C. 
The curing cycle approximately one hour for 1/8 in. thick 
sheet, sized in. in. and half hour for in. thickness. 
the oven the material transposed from the powder the 
jell state. removed from the oven and put into press for 
twenty minutes pressure 1000 in. ga. The 
ing sheet now Teflon polytetrafluoroethylene resin its 
common form. Sheets Teflon are cut into which are 
placed steel ring moulds form tray given size. 
The trays are put the press and the temperature elevated 
approximately 65°C. for five minutes after which the trays 
Teflon are removed, trimmed and drilled give finished 
stration model made Joseph Robb and Co. Limited. 
Conclusion 

The proposed polymeric trays seem particularly suitable for 
small diameter distillation columns and for extractors which 
water the dispersed phase. The advantages assembly and 
improved operation should contribute the acceptance and use 
polymeric trays distillation and extraction columns. 
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